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INFORMATION PROCESSING DEVICE,
METHOD AND PROGRAM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an information processing
device, method and program, and in particular, to an infor-
mation processing device, method and program configured
to facilitate secure input of a command.

2. Description of the Related Art

Input to a personal computer is usually carried out by
using a keyboard or mouse. That is, when a user inputs a
predetermined command, the user performs an operation
such as inputting a predetermined character by using the
keyboard or clicking a predetermined icon by using the
mouse.

When doing this, a desk, a table or the like is necessary
for placing the keyboard or the mouse. To solve the problem,
it has been proposed that a personal computer be equipped
with a camera to capture an image of a hand of the user,
recognize a gesture that the user performs, and carry out
processing in accordance with the gesture (for example,
Japanese Unexamined Patent Application Publication No.
2009-75685).

SUMMARY OF THE INVENTION

However, when a gesture is recognized from an image
captured by the camera, there is a chance of the gesture
being falsely recognized. Consequently, it may take time to
input a command or a command may not be input easily and
securely.

The present invention addresses the above-identified
problems in order to facilitate secure input of a command.

An information processing device of an embodiment of
the present invention includes capture means configured to
capture an image of an object, acquisition means configured
to acquire the image captured by the capture means, calcu-
lation means configured to calculate vibration information
on the basis of the image acquired by the acquisition means,
determination means configured to determine a vibration
command on the basis of the vibration information calcu-
lated by the calculation means, and control means config-
ured to execute predetermined processing on the basis of the
vibration command determined by the determination means.

When the vibration command is generated by the deter-
mination means within a predetermined time period after the
completion of moving of the information processing device,
the control means may prohibit execution of the predeter-
mined processing.

The calculation means may calculate the vibration infor-
mation on the basis of the positions and the velocity vectors
of feature points in the image acquired by the acquisition
means.

The calculation means may calculate the frequency of the
vibration, and the determination means may determine that
the vibration is a vibration for a vibration command when
the frequency is greater than or equal to a threshold.

The acquisition means may further acquire a gesture
performed by a user, and when the determination means
determines that a vibration for the vibration command has
not been generated, the control means does not execute the
predetermined processing but may execute processing cor-
responding to the gesture, and when the determination
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2

means determines that a vibration for the vibration com-
mand has been generated, the control means may invalidate
the gesture.

The determination means may determine that a vibration
for the vibration command has been generated when the
ratio of the number of feature points having the velocity
vectors of the same direction is greater than or equal to a
threshold.

An information processing method of another embodi-
ment of the present invention includes the steps of capturing
of'an image of an object, acquiring of the image captured by
processing of the capturing step, calculating of vibration
information on the basis of the image acquired by processing
of the acquiring step, determining of a vibration command
on the basis of the vibration information calculated by
processing of the calculating step, and controlling to execute
predetermined processing on the basis of the vibration
command determined by processing of the determining step.

A program of still another embodiment of the present
invention causes a computer to execute the steps of acquir-
ing of an image captured by capture means, calculating of
vibration information on the basis of the image acquired by
processing of the acquiring step, determining of a vibration
command on the basis of the vibration information calcu-
lated by processing of the calculating step, and controlling
to execute predetermined processing on the basis of the
vibration command determined by processing of the deter-
mining step.

In an embodiment of the present invention, an image of an
object is captured, the captured image is acquired, vibration
information is calculated on the basis of the acquired image,
a vibration command is determined on the basis of the
calculated vibration information, and predetermined pro-
cessing is carried out on the basis of the determined vibra-
tion command.

According to the present invention, it is possible to input
commands easily and securely.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a configuration diagram illustrating the appear-
ance of a personal computer;

FIG. 2 is a block diagram illustrating an example of a
hardware configuration of the personal computer to which
an embodiment of the present invention is applied;

FIG. 3 is a block diagram illustrating an example of a
functional configuration of the CPU;

FIG. 4 is a flowchart illustrating vibration command
recognition processing;

FIG. 5 is a diagram illustrating a display example of an
image when the personal computer is tapped;

FIG. 6 is a diagram illustrating the relationship between
a feature point and a path thereof;

FIGS. 7A, 7B and 7C are diagrams illustrating display
examples of the feature point and the path thereof;

FIG. 8 is a diagram illustrating a display example of an
image when the personal computer is moved; and

FIG. 9 is a flowchart illustrating gesture recognition
processing.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows an example configuration, as an embodi-
ment, of a personal computer 1 to which an embodiment of
the present invention is applied.
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The laptop personal computer 1 in FIG. 1 is constituted by
a main body 13 and a display 12 equipped with a camera 11.
The display 12 can be opened or closed with respect to the
main body 13.

The camera 11, which is capture means configured to
capture an image of an object, is formed of a monocular
camera, a stereo camera, an infrared camera, a video camera
or the like, and captures a still image or a moving image of
a user as an object of shooting.

The personal computer 1 acquires an image captured by
the camera 11 and calculates, as vibration information, a
vibration generated by tapping the personal computer 1
equipped with the camera 11 by a hand 2 of the user.

Then, on the basis of the calculated vibration information,
a vibration command which is input by tapping the personal
computer 1 is recognized, and predetermined processing
corresponding to the recognized vibration command is car-
ried out.

Therefore, the user can control operation of the personal
computer 1 by tapping any place of the personal computer
1 equipped with the camera 11.

[Configuration of Personal Computer]|

FIG. 2 shows a block diagram illustrating an example of
a hardware configuration of the personal computer 1.

In the personal computer 1, a CPU 22, a Read Only
Memory (ROM) 23 and a Random Access Memory (RAM)
24 are connected to one another via a bus 25. In addition, an
input/output interface 26 is connected to the bus 25. To the
input/output interface 26, the camera 11, an input section 27
formed of a keyboard, a touch panel, a touch pad, a pen
device, a mouse, a microphone or the like, an output section
21 formed of the display 12, a speaker (not shown) or the
like, and a storage section 28 formed of a hard desk, a
nonvolatile memory or the like are connected. In addition, to
the input/output interface 26, a communication section 29
formed of a network interface or the like, and a drive 30 that
drives a removable medium 31 such as a magnetic disk, an
optical disk, a magneto-optical disk or a semiconductor
memory are connected.

In the personal computer 1 configured as above, the
aforementioned series of processing is carried out when the
CPU 22 loads a program stored in the storage section 28, for
example, into the RAM 24 via the input/output interface 26
and the bus 25, and executes the program. A program to be
executed by the CPU 22 is provided in such a manner that
the program is stored in the removable medium 31, which is
a package medium. As the package medium, a magnetic disk
(including a flexible disk), an optical disk (Compact Disc-
Read Only Memory (CD-ROM), Digital Versatile Disc
(DVD), etc.), a magneto-optical disk or a semiconductor
memory is used. Alternatively, the program may be provided
via a wired or wireless transmission medium such as a local
network, the Internet or digital satellite broadcasting. The
program can be installed in the storage section 28 via the
input/output interface 26 by mounting the removable
medium 31 in the drive 30. Alternatively, the program may
be installed in the storage section 28 by receiving the
program by using the communication section 29 via the
wired or wireless transmission medium. In addition, the
program may be installed in advance in the ROM 23 or the
storage section 28.

Note that the program to be executed by the personal
computer 1 may be a program in which processing is carried
out in chronological order in the order described in the
present specification, or a program in which processing is
carried out in parallel or at a necessary timing, such as when
the program is called.
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FIG. 3 shows a block diagram illustrating an example of
a functional configuration of the CPU 22.

The CPU 22 is constituted by an acquisition section 41, a
detection section 42, a control section 43, a determination
section 44, a calculation section 45, a vibration command
recognition section 46, a storage section 47 and a gesture
recognition section 48. Note that each block of the CPU 22
can send and receive a signal to and from one another as
necessary.

In the CPU 22, the acquisition section 41, which is
acquisition means, acquires various pieces of information.
The detection section 42 detects information for detecting a
vibration from an image captured by the camera 11. The
control section 43, which is control means, controls various
processing tasks. The determination section 44, which is
determination means, determines whether or not processing
meets a predetermined condition. The calculation section 45,
which is calculation means, calculates vibration information
or the like. The vibration command recognition section 46
recognizes a command by using the vibration provided to
the personal computer 1. The storage section 47 stores
predetermined information in the RAM 24 or the storage
section 28. The gesture recognition section 48 recognizes a
gesture. The gesture is an operation performed by the hand
2 of the user by moving in three-dimensional space or
forming a predetermined shape.

[Vibration Command Recognition Processing]

FIG. 4 shows a flowchart illustrating vibration command
recognition processing in which a tapping operation per-
formed by the user is recognized as a vibration command.
The vibration recognition processing is carried out when the
user provides an instruction to activate the camera 11 and an
application that recognizes vibration commands.

In step S1, the acquisition section 41 acquires an image
captured by the camera 11. The image acquired from the
camera 11 may be a captured image itself or an image which
has been edited such as a gray image.

In step S2, the detection section 42 detects multiple
feature points from the acquired image. A feature point is a
point, in the image, where the color (or the brightness value)
thereof changes significantly in both the vertical direction
and the lateral direction. That is, predetermined plural pixels
are randomly selected from among pixels having a large
change in the pixel value in such a manner that the selected
pixels are evenly dispersed throughout the image.

In step S3, the control section 43 tracks the detected
feature points. That is, in the tracking of the feature points,
matching processing or processing for calculating the dif-
ference is carried out with respect to two images (for
example, the current frame image and the preceding frame
image) from which the feature points are detected, and
pixels having the same value are tracked as the same feature
point.

An example of displaying feature points in an image when
the personal computer 1 is tapped is shown in FIG. 5. FIG.
5 shows a diagram illustrating a display example of an image
captured by the camera 11 when the personal computer 1
equipped with the camera 11 is tapped.

In a display window 61, a mirror image 81-1 having a
mirror-reversed image of an image captured by the camera
11, a recognition result 82, feature points 101-1 to 101-9 and
paths 102-1 to 102-9 of the feature points 101-1 to 101-9 are
displayed.

Note that, for simplicity, symbols only denote main
feature points and paths. In addition, the feature points 101-1
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to 101-9 and the paths 102-1 to 102-9 may be hereinafter
collectively referred to as feature points 101 and paths 102,
respectively.

The display window 61 in the example of FIG. 5 displays
the user and the background image as the image 81-1. When
the processing of detecting feature points in step S2 and the
processing of tracking the feature points in step S3 are
carried out, the feature points 101 and the paths 102 are
displayed on the image 81-1.

With reference to FIG. 5, the feature points 101-1 to 101-9
and the corresponding paths 102-1 to 102-9 are briefly
explained.

In the example of FIG. 5, the feature points 101-1 to 101-5
on boundaries in the background image, for example, on
boundaries between the ceiling and fluorescent lights, and
the feature points 101-6 to 101-8 on a boundary between the
user and the background image are used as the feature
points. In addition, the paths 102-1 to 102-8 respectively
corresponding to the feature points 101-1 to 101-8 are
displayed.

For example, when the user moves, the feature points
101-6 to 101-8 on the boundary between the user and the
background image move and the corresponding paths 102-6
to 102-8 are displayed.

On the other hand, when the display 12 of the personal
computer 1 is tapped by the user, since the display 12 can be
opened or closed with respect to the main body 13, the
display 12 vibrates in the front-back direction with the
connection section with the main body 13 as the center, as
indicated by an arrow 14 in FIG. 1. Consequently, the
capturing position of the camera 11 equipped in the upper
portion of the display 12 vibrates in the vertical direction.

Note that, it is preferable that tracking is performed with
respect to the feature points 101 which are evenly disposed
throughout the image. Therefore, it is preferable that any of
the feature points 101 that are located close to one another,
such as the feature points 101-3 to 101-5, for example, be
deleted, and tracking be performed for the feature points 101
that are located sufficiently apart from others, such as the
feature point 101-9, for example.

Next, the relationship between the feature points and the
paths when the display 12 is tapped is explained with
reference to FIGS. 6, 7A, 7B and 7C.

FIG. 6 shows a two-dimensional graph illustrating
changes in the position of a feature point 101. In FIG. 6, the
horizontal axis indicates time t and the vertical axis indicates
y coordinates in the vertical direction of the screen. In the y
coordinates, zero indicates the position where the feature
point remains still.

When the display 12 is tapped, the camera 11 vibrates
vertically, and the vibration gradually decreases and finally
stops. Therefore, since the position of the feature point 101
changes vertically with reference to a y coordinate zero, a
signal 103 corresponding to the path 102 obtained by
deploying the motion with respect to the time axis is a
sinusoidal signal, as shown in FIG. 6. The amplitude thereof
gradually decreases and finally becomes zero.

FIGS. 7A, 7B and 7C show a typical example of display-
ing one of the feature points 101 and the path 102 thereof on
the display window 61 of FIG. 5 when the display 12 is
tapped.

Since the y coordinate of the feature point 101 periodi-
cally changes as shown in FIG. 6, when the feature point 101
is located at the position of the feature point 101-31-1 (that
is, the peak value on the positive side of the y coordinates)
in FIG. 6, the feature point 101 is located at the upper end
portion of the path 102, as shown in FIG. 7A.
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When the feature point 101 is located at the position of the
feature point 101-31-2 (that is, the peak value on the
negative side of the y coordinates) in FIG. 6, the feature
point 101 is located at the lower end portion of the path 102,
as shown in FIG. 7B.

When the feature point 101 is located at the position of the
feature point 101-31-3 (that is, zero position of the y
coordinate) in FIG. 6, the feature point 101 is located at the
middle portion of the path 102, as shown in FIG. 7C.

Since the feature point 101 and the path 102 are displayed
as in FIGS. 7A to 7C, the user can determine which direction
the feature point 101 displayed in the display window 61 is
moving.

Now back to FIG. 4. After the feature point tracking
processing in step S3, the determination section 44 deter-
mines whether the number of feature points is greater than
or equal to a threshold in step S4. That is, it is determined
whether the number of feature points is sufficient for cal-
culating vibration information. The vibration information is,
for example, the frequency of a vibration.

In step S4, if it is determined that the number of feature
points is smaller than a predetermined threshold, that is, if it
is determined that a sufficient number of feature points for
calculating the vibration information do not exist, the flow
returns to step S2 and the same processing is repeated. That
is, a new feature point is detected.

In step S4, if it is determined that the number of feature
points is greater than or equal to the predetermined thresh-
old, that is, if it is determined that a sufficient number of
feature points for calculating the vibration information exist,
the calculation section 45 calculates positions of the feature
points in step S5.

That is, in the example of FIG. 5, the x and y coordinates
of each of the feature points 101 on the image 81-1 are
calculated.

In step S6, the calculation section 45 calculates velocity
vectors of the multiple feature points. The velocity vector
can be calculated by, for example, dividing the difference
between the position of the feature point 101-51 in the
current frame and the position thereof in the preceding frame
by the time of one frame.

In step S7, the control section 43 executes clustering of
the feature points on the basis of the calculated velocity
vectors. The clustering is processing for partitioning data set
into subsets, called clusters.

By classifying feature points having the calculated veloc-
ity vector pointing in the same direction into the same
cluster, feature points that move in a similar way are
classified into one group. For the clustering, a method of
calculating one-dimensional histogram of an angle or an
existing clustering method, such as k-means, may be used.

For example, in the display example of FIG. 5, when the
user moves, the feature points 101-6, 101-8 and 101-9
located on the face of the user move in substantially the
same direction. As a result, the clustering processing clas-
sifies these feature points 101-6, 101-8 and 101-9 into one
subset. On the other hand, the feature points 101-1 to 101-5
and 101-7 located on the background image do not move.

Meanwhile, when the display 12 is tapped, the whole
screen image including the face of the user and background
image vibrates, whereby almost all feature points including
the feature points 101-1 to 101-9 move in the same direction
(that is, in an upward or downward direction). Therefore,
many feature points including the feature points 101-1 to
101-9 are classified into one subset.

Then, in step S8, the determination section 44 determines
whether or not the ratio of the feature points moving in the
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same direction to all the feature points is greater than or
equal to a threshold. Thus, this determines whether the
personal computer 1 equipped with the camera 11 vibrates or
not.

Note that, depending on a method of supporting the
display 12 with respect to the main body 13, the display 12
may rotate when the display 12 is tapped. In the processing
in step S8, it is difficult to detect the rotational movement of
the camera 11 around the central axis by using the method
that determines whether the ratio of the feature points
moving in the same direction is greater than or equal to a
predetermined threshold.

In such a case, the rotational movement of the display 12
can be detected by calculating the outer product of the path
of each feature point with the center of an image acquired
from the camera 11 as the origin.

In step S8, when it is determined that the ratio of the
feature points moving in the same direction is smaller than
the predetermined threshold, that is when it is determined
that the display 12 equipped with the camera 11 is not
vibrating, a tapping operation has not been performed by the
user, and the flow returns to step S1, and the subsequent
processing is repeated.

In step S8, when it is determined that the ratio of the
feature points moving in the same direction is greater than
or equal to the predetermined threshold, that is, when it is
determined that the display 12 equipped with the camera 11
is vibrating, the calculation section 45 calculates the fre-
quency of vertical direction vibrations as vibration informa-
tion in step S9.

The vibration frequency is calculated from the number of
vibrations per unit time, which is calculated on the basis of
the position of the feature point. Specifically, the frequency
of the signal in FIG. 6 is calculated.

The reason why the frequency of vertical direction vibra-
tions is calculated is that since the display 12 is rotatably
supported with respect to the main body 13 in the laptop
personal computer 1 shown in FIG. 1, vibrations are pro-
duced in a vertical direction.

Therefore, the vibration direction to be calculated may be
changed depending on the type of device to be vibrated.

In step S10, the determination section 44 determines
whether or not the calculated frequency is greater than or
equal to a threshold. For example, when the user holds and
moves the entire body of the personal computer 1, many
feature points move in the same direction.

However, since the movement of the feature points in
such a case is slower than that in the case where the display
12 is tapped, the frequency is low. Therefore, the frequency
is compared with a predetermined threshold to determine
whether or not the type of vibration is vibration caused by
tapping.

When it is determined that the frequency calculated in
step S10 is smaller than the predetermined threshold, that is,
when it is determined that the type of vibration is vibration
other than vibration caused by tapping, the vibration com-
mand recognition section 46 recognizes the type of vibration
as moving of the personal computer 1 in step S11.

A display example of the feature points and the paths
thereof in an image when the type of vibration is recognized
as moving of the personal computer 1 is shown in FIG. 8.

FIG. 8 shows a diagram illustrating an example of display
of'an image to be displayed when the type of vibration of the
personal computer 1 equipped with the camera 11 is recog-
nized as moving of the personal computer 1.

The display window 61 of the example of FIG. 8 displays
an image 81-2 acquired from the camera 11, and feature
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8
points 101 and paths 102 thereof. In the example of FIG. 8,
the shapes of all feature points including the feature points
101-51 to 101-54 and all paths including the paths 102-51 to
102-54 corresponding to the feature points 101-51 to 101-54
are the same.

That is, as shown in FIG. 7B, the paths 102 are shown on
the upper side of the feature points 101. Thus, the personal
computer 1 equipped with the camera 11 is moved in an
upward direction.

Now back to FIG. 4. In step S12, the storage section 47
stores movement information. The movement information is
information such as time when the type of vibration is
recognized as moving of the personal computer 1.

That is, as the movement information, the time when the
moving of the personal computer 1 equipped with the
camera 11 is finally completed, which is obtained by repeat-
ing the processing in step S1 to step S12, is stored.

In step S10, when it is determined that the calculated
frequency is greater than or equal to the predetermined
threshold, the vibration is considered to be a vibration
caused by the user tapping on the display 12. That is, there
is a possibility that a vibration command has been input by
the user.

In such a case, in step S13, the determination section 44
determines whether a predetermined time period has elapsed
since the completion of the moving of the personal computer
1. That is, it is determined whether or not the predetermined
time period has elapsed since the time stored in the move-
ment information.

In step S13, when it is determined that the predetermined
time period has not yet elapsed since the completion of the
moving of the personal computer 1, that is when the prede-
termined time period has not yet elapsed since the time
stored in the movement information, the flow returns to step
S1.

This prohibits the execution of processing of recognizing
tapping and processing corresponding thereto in steps S14
and S15.

That is, for example, immediately after the laptop per-
sonal computer 1 having the display 12 equipped with the
camera 11 is placed on a table, the display 12 will vibrate for
a while.

In addition, immediately after the display 12 of the laptop
personal computer 1 being in a closed state is opened, the
display 12 will vibrate for a while.

These vibrations are the same as the vibration caused by
the user by tapping on the display 12, and thus are potential
vibration commands. However, no vibration command has
actually been input by the user.

Therefore, these vibrations are prevented from being
falsely recognized as a vibration caused by tapping, that is,
a vibration for a vibration command.

In step S13, when it is determined that the predetermined
time period has elapsed since the completion of the moving
of the personal computer 1, that is when the predetermined
time period has elapsed since the time stored in the move-
ment information, the vibration command recognition sec-
tion 46 recognizes the type of vibration command as tapping
in step S14.

That is, it is recognized that the vibration command is
input by the user by actively applying vibrations.

In other words, when the camera 11 captures an image, for
example, it is preferable that no vibration is applied to the
camera 11 since vibrations to the camera 11 cause image
blurring. The vibrations in this case are noise.
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On the other hand, vibrations caused by tapping are not
vibrations due to noise, but are vibrations due to signals
which are purposefully provided by the user to perform a
predetermined input.

In step S15, the control section 43 executes processing
corresponding to tapping. The processing corresponding to
tapping is processing that is carried out in accordance with
a vibration command input by tapping.

For example, in an operation of a music player applica-
tion, the control section 43 switches between playing and
stopping of the music by the music player every time a
vibration command input by tapping is recognized.

And of course, in addition to this, vibration commands
may be assigned for turning on and off of the power of the
personal computer 1.

In addition, the control section 43 displays “SHAKE”,
which is a recognition result 82, in the display window 61,
as shown in FIG. 5. This means the vibration command input
by tapping is recognized. When the display window 61 is not
displayed on the display 12, the recognition result 82 may be
displayed at any place on the display.

After the processing in step S15, the flow returns to step
S1, and the same processing is repeated.

In this way, the personal computer 1 equipped with the
camera 11 can recognize a vibration command, which has
been input by the user by tapping the display 12, by using
only the camera 11.

The user can tap any place, of course, and the place is not
limited to the display 12.

Note that, in the example of FIG. 4, although the vibration
information of the personal computer 1 is calculated on the
basis of the feature points, a method for calculating the
vibration information is not limited thereto. The vibration
information may be calculated on the basis of the optical
flow of the entire acquired image by using, for example, a
block matching method.

[Gesture Recognition Processing]

The vibration recognition processing in FIG. 4 can be
applied to a case where a command is input by means of a
gesture. FIG. 9 shows a flowchart illustrating gesture rec-
ognition processing for this case.

In FIG. 9, the processing in steps S33 to S39 and S43 to
S49 are the same as that in steps S1 to S15 in FIG. 4.
Therefore, a detailed explanation of the processing is not
repeated and is omitted.

In step S31, the gesture recognition section 48 recognizes
a gesture. The gesture is an operation performed by the hand
by moving in three-dimensional space or forming a prede-
termined shape in order to input a predetermined command
by the user.

Recognition of a gesture is carried out as described below,
for example. That is, the difference between the images of
two sequential frames is calculated to detect the region of a
moving hand. Then, the center of gravity of the area of the
hand is determined. By comparing the center of gravity of
the path with basic gesture patterns prepared in advance, it
is recognized that a gesture that is closest to a basic gesture
pattern has been input.

In step S32, the acquisition section 41 acquires a recog-
nized gesture and an image captured by the camera 11.

In step S33, the detection section 42 detects feature
points. In step S34, the control section 43 tracks the feature
points.

In step S35, the determination section 44 determines
whether the number of feature points is greater than or equal
to a threshold. If it is determined that the number of feature
points is smaller than the threshold, the flow returns to step
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S33, and the subsequent processing is repeated. If it is
determined that the number of feature points is greater than
or equal to the threshold, the calculation section 45 calcu-
lates the positions of the feature points in step S36.

In step S37, the calculation section 45 calculates the
velocity vectors of the feature points. In step S38, the control
section 43 executes clustering of the feature points.

In step S39, the determination section 44 determines
whether the ratio of the feature points moving in the same
direction is greater than or equal to a threshold. If it is
determined that the ratio of the feature points moving in the
same direction is smaller than the threshold, the vibration
command recognition section 46 recognizes in step S40 that
no vibration has been generated. That is, it is recognized that
a vibration for a vibration command has not been generated.

In step S41, the control section 43 executes processing
corresponding to the gesture. Therefore, in a music player,
for example, processing such as fast-forward, fast-rewind or
pause is carried out in accordance with the movement of a
hand performed by the user in front of the camera 11.

On the other hand, in step S39, if it is determined that the
ratio of the feature points moving in the same direction is
greater than or equal to the threshold, the control section 43
invalidates the gesture in step S42. That is, the control
section 43 prohibits the execution of processing correspond-
ing to the gesture recognized in step S31.

In step S43, the calculation section 45 calculates the
frequency of the vibration. In step S44, the determination
section 44 determines whether the frequency is greater than
or equal to a threshold. If it is determined that the frequency
is smaller than the threshold in step S44, the vibration
command recognition section 46 recognizes the vibration as
moving of the personal computer 1 in step S45. In step S46,
the storage section 47 stores the movement information.

If it is determined that the frequency is greater than or
equal to the threshold in step S44, the determination section
44 determines in step S47 whether a predetermined time
period has elapsed since the completion of the moving of the
personal computer 1.

If it is determined that the predetermined time period has
elapsed since the completion of the moving of the personal
computer 1 in step S47, the vibration command recognition
section 46 recognizes the vibration as tapping in step S48. In
step S49, the control section 43 executes processing corre-
sponding to tapping.

After the processing in steps S41, S46 or S49, or if it is
determined that the predetermined time period has not
elapsed since the completion of the moving of the personal
computer 1 in step S47, the flow returns to step S1 and the
same processing is repeated.

In this way, while the display 12 equipped with the
camera 11 is vibrating, the control section 43 prohibits the
execution of processing corresponding to a gesture. This
prevents an unintended gesture of the user from being
falsely recognized.

In the present specification, an example of recognizing a
vibration command caused by tapping by using the laptop
personal computer 1 equipped with the camera 11 is
explained. However, the device to be tapped is not limited
to the personal computer 1.

For example, a television receiver or a monitor equipped
with a camera may be tapped to perform an operation of
turning on and off of the power.

In addition, for stationary devices such as a television
receiver and a monitor, the processing for recognizing the
moving thereof may not be carried out.
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The present application contains subject matter related to
that disclosed in Japanese Priority Patent Application JP
2010-049477 filed in the Japan Patent Office on Mar. 5,
2010, the entire contents of which are hereby incorporated
by reference.

It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

What is claimed is:

1. An information processing device comprising:

circuitry configured to

recognize a gesture performed by a user as a gesture
command, the gesture command corresponding to a
first function,

acquire an image of an object,

calculate vibration information indicative of a vibration
of the information processing device, as a result of a
user tap input, on the basis of the acquired image,

determine whether a vibration event occurred based on
the calculated vibration information,

when it is determined that the vibration event occurred,
invalidate the gesture command and determine
whether the vibration event includes a vibration
command corresponding to a second function,

when it is determined that the vibration event did not
occur, execute the first function,

when it is determined that the vibration event includes
the vibration command and the vibration command
is generated more than a predetermined time period
after a latest recorded movement of the information
processing device, execute the second function, and

when it is determined that the vibration event does not
include the vibration command, store the vibration
event as a new recorded movement of the informa-
tion processing device.

2. The information processing device according to claim
1, wherein, when determining whether the vibration event
includes the vibration command, the circuitry is further
configured to

determine whether a quantity of discrete feature points in

the acquired image is a value greater than or equal to a
first threshold, the first threshold corresponding to a
quantity of discrete feature points sufficient for calcu-
lating a frequency of the vibration information;

when the quantity of discrete feature points in the

acquired image is a value greater than or equal to the

first threshold,

calculate the frequency of the vibration information;

determine that the vibration event includes the vibra-
tion command when the frequency is greater than or
equal to a second threshold; and

determine that the vibration event does not include the
vibration command when the frequency is less than
the second threshold; and

when the quantity of discrete feature points in the

acquired image is not a value greater than or equal to
the first threshold, detect a new feature point.

3. The information processing device according to claim
25

wherein the circuitry is configured to prohibit execution

of the second function when the frequency is less than
the second threshold.
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4. The information processing device according to claim
25

wherein the circuitry is configured to determine that the

vibration event includes the vibration command when
a ratio of a number of feature points having velocity
vectors of the same direction is greater than or equal to
a third threshold.

5. The information processing device according to claim
25

wherein, when the quantity of discrete feature points in

the acquired image is greater than or equal to the first
threshold, the circuitry is configured to calculate the
vibration information on the basis of positions and
velocity vectors of the feature points in the acquired
image.

6. The information processing apparatus according to
claim 2, wherein the circuitry is configured to cluster the
feature points based upon velocity vectors of the feature
points.

7. The information processing apparatus according to
claim 2, wherein, in calculating the vibration information
based upon the feature points in the acquired image, the
circuitry is configured to ignore feature points that are
located close to one another.

8. The information processing device according to claim
2, wherein the circuitry is configured to calculate the vibra-
tion information on the basis of positions and velocity
vectors of the feature points in the acquired image.

9. The information procession apparatus according to
claim 2, wherein the circuitry is configured to cluster feature
points whose velocity vectors point in the same direction
into the same cluster.

10. The information processing apparatus according to
claim 9, wherein the circuitry is configured to determine that
the vibration event includes the vibration command when a
ratio of feature points of the same cluster with respect to all
the feature points is greater than or equal to a third threshold.

11. An information processing method comprising:

recognizing a gesture performed by a user as a gesture

command, the gesture command corresponding to a
first function;

acquiring an image of an object;

calculating, by the circuitry, vibration information indica-

tive of a vibration of an information processing device,
as a result of a user tap input, on the basis of the
acquired image;

determining whether a vibration event occurred based on

the calculated vibration information;

when it is determined that the vibration event occurred,

invalidating the gesture command and determining
whether the vibration event includes a vibration com-
mand corresponding to a second function;

when it is determined that the vibration event did not

occur, executing the first function by the information
processing device;

when it is determined that the vibration event includes the

vibration command and the vibration command is
generated more than a predetermined time period after
a latest recorded movement of the information process-
ing device, executing the second function; and

when it is determined that the vibration event does not

include the vibration command, storing the vibration
event as a new recorded movement of the information
processing device.

12. The information processing method according to
claim 11, wherein determining whether the vibration event
includes the vibration command comprises:
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determining whether a quantity of discrete feature points
in the acquired image is a value greater than or equal to
a first threshold, the first threshold corresponding to a
quantity of discrete feature points sufficient for calcu-
lating a frequency of the vibration information;

when the quantity of discrete feature points in the

acquired image is a value greater than or equal to the

first threshold,

calculating the frequency of the vibration information;

determining that the vibration event includes the vibra-
tion command when the frequency is greater than or
equal to a second threshold; and

determining that the vibration event does not include
the vibration command when the frequency is less
than the second threshold; and

when the quantity of discrete feature points in the

acquired image is not a value greater than or equal to
the first threshold, detecting a new feature point.

13. A non-transitory computer readable medium storing a
program configured to cause a processor of an information
processing device to perform a method comprising:

recognizing a gesture performed by a user as a gesture

command, the gesture command corresponding to a
first function;

acquiring an image of an object;

calculating vibration information indicative of a vibration

of the information processing device, as a result of a
user tap input, on the basis of the acquired image;
determining whether a vibration event occurred based on

the calculated vibration information;

when it is determined that the vibration event occurred,

invalidating the gesture command and determining
whether the vibration event includes a vibration com-
mand corresponding to a second function;

—
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when it is determined that the vibration event did not
occur, executing the first function by the information
processing device;

when it is determined that the vibration event includes the

vibration command and the vibration command is
generated more than a predetermined time period after
a latest recorded movement of the information process-
ing device, executing the second function; and

when it is determined that the vibration event does not

include the vibration command, storing the vibration
event as a new recorded movement of the information
processing device.

14. The non-transitory computer readable medium
according to claim 13, wherein determining whether the
vibration event includes the vibration command comprises:

determining whether a quantity of discrete feature points

in the acquired image is a value greater than or equal to
a first threshold, the first threshold corresponding to a
quantity of discrete feature points sufficient for calcu-
lating a frequency of the vibration information;

when the quantity of discrete feature points in the

acquired image is a value greater than or equal to the

first threshold,

calculating the frequency of the vibration information;

determining that the vibration event includes the vibra-
tion command when the frequency is greater than or
equal to a second threshold; and

determining that the vibration event does not include
the vibration command when the frequency is less
than the second threshold; and

when the quantity of discrete feature points in the

acquired image is not a value greater than or equal to
the first threshold, detecting a new feature point.
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